ABSTRACT
INTRODUCTION
"Seeing is believing". A problem is half solved if we are able to see it, analyze its components, and can identify a relation among its components. Same applies on the complex subjects which have been a challenge for many students in the past but as soon as Artificial Intelligence (AI) evolved and knowledge modeling came into practice this challenge seemed to be vanished for many subjects. Through knowledge modeling knowledge engineers can acquire the knowledge of a specific domain from its experts, break down it in a structure and represent it graphically using symbols and logic. A knowledge model makes it easy and interesting to understand and communicate a difficult idea.
An instructor often thinks about the different learning approaches that can make learning experience interesting and easy for learners. Conceptual and logical structures have ever been an ideal approach in different fields of education especially in Engineering and Technology where semantic networks, logic frames, concept maps, brain maps, and taxonomies are becoming norms of coherent teaching. A teacher as a knowledge engineer acquires knowledge from text books, manuals, and web; works on the refinement and visual presentation of knowledge by structuring it, breaks down the domain concepts into semantic and syntactic networks by using his own heuristics and experiences of others. A formal representation of domain knowledge by its entities and relationship between those entities is known as ontology. Major purpose of ontology and ontology engineering is to make knowledge explicit by acquiring, structuring and representing domain knowledge formally.
Ontology based teaching approaches are in practice since last two decades. In this period many teaching ontologies have been seen for different domains say Mathematics, Business, Biomedical, Engineering and Technology (Boeker, et al., 2012) (Baker, 2012 In this article we will design and discuss a teaching ontology for introductory level Natural Language Processing. In following sections we will discuss teaching turbulences of NLP, ontology and ontology development tools, teaching ontology, and the design for proposed ontology.
TEACHING TRIBULATIONS OF NLP
Natural Language Processing (NLP) is a very hard subject to teach even at introductory level. The very first reason for that is the combination of computation and linguistic that NLP is based on. This course is a collection of problems, techniques, ideas, and frameworks but they are not apparently tied together (natural language processing blog). It often confuses an NLP instructor where to start with, which tools should be preferred, and how to deal with linguistic, computational, and technological parts together in one class. Apart from all these issues an instructor has to make some room in his lectures for programming as the NLP friendly Python (a programming language) is always new to students. If there would be a visual logical representation of course contents it will certainly help instructor and students.
ONTOLOGY
In AI ontology is defined as domain knowledge representation that facilitates common understanding of that domain (Baker, 2012) . It is a logical combination of a domain concepts and their relationship. It is a good way to represent knowledge graphically. Ontology to represent domain knowledge in a graphical network would consist of some nodes and connections between nodes. Nodes would represent concepts of that domain whereas connections would represent relationship between concepts. This type of knowledge representation is valuable as it facilitates communication among people by visually representing core concepts of a domain and relationship between them and it makes knowledge representation standard by structuring it in a network. This natural language representation of knowledge is not only human friendly but equally easy to implement in computer for further applications (Baker, 2012) . Ontology can be defined as machine readable design of a shared conceptualization, which uses explicitly defined type of concepts and constraints applied on the use of those concepts. It captures and represents the knowledge which is accepted by a group of masses, it uses a vocabulary in order to represent knowledge in terms of objects and their relationship, this vocabulary makes it easy for an intelligent system to understand the knowledge represented on another (Studer, Benjamins, & Fensel, 1998) .
RELATED WORK
Ontology makes domain knowledge transparent. In teaching ontology, instruction patterns can be derived from the understanding of connections. These connections connect main concepts of the domain. Teaching ontology is a synthesized collection of the core concepts of a domain that presents the crux of whole subject in one graph. On one hand these structures help instructors to elaborate concepts more clearly on the other hand they make it easy for them to assess students' understanding because students can better express their learning by drawing mind maps.
In (Baker, 2012) authors developed a basic ontology for sharing domain knowledge, teaching content, and evaluation task for an online remediation system for USMC rifle marksmanship. They accumulated domain knowledge from domain experts and available instruction material. Using Bayesian network they mapped that knowledge, which was further converted to a visual ontology in Protégé. Further they adopted the same strategy to develop a teaching ontology for pre-algebra taught at middle school. In last two decades, ontology development has been remarkable for teaching different subjects of engineering and technology. Author in (Gavrilova, 2003) presented a teaching ontology to support e-learning of artificial intelligence. Authors in (Sosnovsky & Gavrilova, 2006) developed ontology for teaching introductory C programming language. They formulated a practical algorithm to design ontology with strong emphasis on visual representation of knowledge as a learning mind tool. Authors in (Ganapathi, Lourdusamy, & Rajaram, 2011) developed ontology to teach Java programming language, using ontology development guidelines presented by (Sosnovsky & Gavrilova, 2006) . Authors in (Lee, Ye, & Wang, 2005 ) presented a framework known as Java Learning Object Ontology (JLOO) based on classifications described in computing curricula CC2001 of the ACM and IEEE/CS. In (John, 2014) author presents an educational ontology for teaching and learning Java programming language. He proposed a hybrid methodology based on conventional software engineering methods.
DESIGNING TEACHING ONTOLOGY FOR NLP
While designing ontology for NLP we followed very common norms of ontology development (we chose some of them according to the scope of this article) (Brusa, Caliusco, & Chiotti, 2006) as given below. Our purpose is to design an educational ontology to facilitate teaching and learning of NLP at introductory level. We gathered core contents of this domain from books, online lecture notes, and blogs (developed to discuss NLP teaching issues) (Jurafsky & Manning) (natural language processing blog) (Hearst, 2005) (Manning & Schütze, 1999) . We defined the main class NLP (subclass of universal class Thing) and all other important concepts (introductory) are considered its subclasses as shown in Figure 1 . Further we considered each subclass of NLP for finer details and prepared a concept map to represent this as shown in Figure 2 . In next phase we converted this concept map into ontology using an ontology editor tool Protégé. Protégé is an open source ontology editor developed by Stanford and it is freely available. Its supports building of intelligent systems, ontology based applications and knowledge based solutions for different domains (Protege ). The visual representation of our ontology is given in figure 3 that shows classes and subclasses of NLP ontology and object properties (relationship between classes). We defined relationships between classes on the bases of a sub-concept being the pre-requisite for a super-concept. For example almost all NLP activities need text divided into basic constituents (tokens) for further processing. 
